An 81-year-old woman presented with progressive groin pain after metal-on-polyethylene total hip arthroplasty with a modular neck stem and was found to have adverse local tissue reaction. As we report for the first time with this implant, we observed titanium neck-titanium stem taper corrosion intraoperatively. We also found head-neck taper corrosion. The patient underwent revision surgery to a modular fluted tapered stem with ceramic head and was asymptomatic at 3-year follow-up visit. In conclusion, consideration should be given to avoiding the routine use of this modular neck stem in total hip arthroplasty. Patients with this prosthesis should be closely monitored for adverse local tissue reaction.
Introduction
Early designs of femoral stems used in total hip arthroplasty (THA) were monolithic, without any modular junctions. Modularity of the femoral stem was developed to facilitate exposure during revision surgery, as well as for maintenance of adequate implant inventory. However, corrosion at stem modular junctions has been observed, resulting in adverse local tissue reaction (ALTR), a thick-walled collection of predominantly lymphocytic infiltrate that can be destructive to surrounding tissues [1] .
ALTR secondary to head-neck taper corrosion in cobalt (Co)-chromium (Cr) alloy and titanium (Ti) alloy stems used in metal-on-polyethylene (MoP) THA has been reported [2] . The aforementioned stems are produced by various manufacturers and span various taper geometries. Modular neck femoral stems facilitate intraoperative restoration of patient anatomy.
However, corrosion at the neck-stem junction of modular neck stems has also been observed. Patients with Co-Cr modular necks typically present with ALTR, while those with Ti necks more commonly present with neck fracture [3, 4] . This may be due to the greater strength and fatigue resistance of Co-Cr alloy than Ti alloy.
We report a case of ALTR associated with head-neck and neck-stem taper corrosion in a modular neck stem with Ti-alloy neck used in MoP THA. To our knowledge, we are the first to report corrosion at the neck-stem junction of this femoral stem.
The patient in this report is deceased, so her next of kin provided informed consent for publication of this manuscript.
Case history
This is the case of an 81-year-old woman's status after left THA, who presented to our institution with 6 months of left groin pain.
The history begins in 2008, when the patient underwent left THA. In 2013, the patient presented to our institution with left groin pain that was progressive over 6 months despite conservative measures. Her symptoms were exacerbated with activity and relieved with rest. The patient had no fever, wound drainage, thigh pain, or radiculopathy.
On physical examination, the patient displayed an antalgic gait. Her left hip incision was well healed without erythema. There was Plain films demonstrated well-fixed left THA without evidence of wear, osteolysis, or fracture ( Fig. 1) . Serum white blood cell count was 8.08 K/ul (reference range: 5.00-10.00 K/ul), erythrocyte sedimentation rate was 16 mm/h (reference range: 0-15 mm/h), and C-reactive protein level was <2.0 mg/L (reference range: 0-10 mg/L). Serum Co level was 4.8 ppb (reference range: 0.5-3.9 ppb) and Cr level was 1.0 ppb (reference range: 5.0 ppb). Ti level was undetectable. Left hip aspiration showed 61 white blood cells using a manual cell count. Cultures were negative. Given elevated Co level with increased Co-to-Cr ratio, metal artifact reduction sequence magnetic resonance imaging of the left hip was obtained, which demonstrated ALTR (Fig. 2) . Operative records confirmed the presence of the following implants: size 11 Zimmer M/L Taper Kinectiv Ti-alloy (Ti6Al4V) femoral stem with 12/14 taper, size P straight Ti-alloy (Ti6Al4V) modular neck, 32 mm þ 0 cobalt-chrome head, 50-mm Zimmer Trabecular Metal Modular cluster-hole acetabular shell, and 20-degree elevated rim longevity highly cross-linked polyethylene liner (Zimmer Biomet, Warsaw, IN).
The patient elected to proceed with left hip arthroplasty revision. Metal discoloration, but no purulence, was found intracapsularly with synovial thickening. Abductor and vastus lateralis integrity were preserved. There was no evidence of bone-implant or implant-implant impingement. Black corrosion and fretting products were observed at both the head-neck and neck-stem junctions (Fig. 3) . One frozen section was negative for acute inflammation. The stem was revised to a modular fluted tapered stem. The acetabular component was revised to a more optimally positioned porous metal component. A BIOLOX delta (CeramTec, Plochingen, Germany) ceramic head and highly cross-linked polyethylene liner were implanted.
The patient's hospital course was unremarkable. Intraoperative cultures were negative. At the most recent 3-year follow-up visit in 2016, the patient denied any left hip pain, was ambulating without assistive device, and was participating in all her desired activities.
However, the patient expired later the same year secondary to stage IV lung cancer.
Discussion
To our knowledge, we report the first case of neck-stem taper discoloration in this Ti-alloy stem with a Ti modular neck and only the third case of ALTR with this stem in MoP THA. Our findings are particularly interesting as the Ti neck-Ti stem junction of modular neck stems is not typically implicated in ALTR [5] . Plummer MoP THA but found no evidence of corrosion at the neck-stem junction [2, 5] . Consideration should be given to avoiding the routine use of this stem, particularly given its vulnerability to corrosion at all taper junctions.
Taper corrosion results from fretting, mechanical damage secondary to micromotion at the taper junction, and subsequent electrochemical reactions within the resulting crevices. These processes are collectively referred to as mechanically assisted crevice corrosion (MACC), which may present clinically as ALTR or even implant fracture [2, 3] . MACC is accelerated with smaller tapers or more flexible alloys [6] . Taper geometry may explain the frequency of MACC observed with the 12/14 head-neck taper of the stem in the current report, as well as other stems from the same manufacturer [7] . The 12/14 taper geometry has been shown to vary across manufacturers [8] .
Head-neck taper corrosion is more likely with cobalt-chromium heads than with ceramic heads [6] . With greater prosthetic head diameter and length, the torque and moment arm on the stem neck increase, respectively, theoretically increasing the likelihood of fretting and thus corrosion at both the head-neck and neck-stem junctions of a modular neck stem. Interestingly, the 32 þ0 mm cobalt-chromium head in this case was neither large in diameter nor long, suggesting the prosthetic head dimension may be less predictive of head-neck taper corrosion than head metallurgy or taper geometry.
The metallic composition of the neck and that of the stem in this implant were identical (Ti6Al4V), suggesting there was no galvanic component to the neck-stem taper corrosion observed. The modular neck was not long, so it is doubtful that there was excessive torque at the neck-stem junction resulting in increased fretting. As a result, taper geometry likely contributed most to the neck-stem taper corrosion observed.
The aforementioned case illustrates several hallmarks of ALTR secondary to taper corrosion. Diagnostically, serum Co-to-Cr ratio was greater than the normal value of 1 due to head-neck taper corrosion [2] . Metal artifact reduction sequence magnetic resonance imaging demonstrated ALTR, characterized by a thickwalled fluid collection and/or increased synovial thickness and volume [9] . The neck-stem taper corrosion observed in this case was possibly associated with in ALTR, not neck fracture, as is more commonly observed with Ti-alloy necks [3] . However, it is possible that symptomatic ALTR prompted early recognition of an impending neck fracture. Of note with the undetectable Ti levels, it is very possible that the ALTR was solely due to the fretting corrosion at the head-neck junction that was also present in this case.
When corrosion occurs at the stem taper junction in a modular neck stem, the stem should be revised. Neck exchange does nothing to eliminate the etiology of taper corrosion and may result in accelerated fretting corrosion or mechanical failure due to the already damaged female stem taper. Stem revision was performed with a modular fluted tapered stem with no reports of ALTR due to taper corrosion at its modular junctions, high rate of distal ingrowth, and excellent survival [10] . A ceramic head was implanted to minimize the risk of head-neck taper corrosion.
Summary
To our knowledge, we are the first to observe neck-stem taper corrosion in this modular neck femoral stem. Close surveillance for ALTR should be considered in patients with this prosthesis, particularly in those with a cobalt alloy head. Surgeons should be cautious with regard to the use of modular neck stems due to the risk of MACC and ALTR. Future identification of characteristics unique to the head-neck and neck-stem tapers of this stem that increase the likelihood of taper corrosion may guide implant design.
